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a number of aadal. toroidal or hefical tubules wNdt are at 
least party deformed tn response to deformation of the 
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[0001] The invention relates to a deformabie tube. 
(0002] I Is known from US patent specifications Nos. 
8,353.599 and 5,014,779 to insert a corrugated tube 
into the welbore of an underground borehole and to 
expand the tube ctownhole into a tubular shape. 
[0003] US patent spedficatton No. 5,366,012 cfe- 
doses the expansion of a slotted pipe of which the slots 
open up as a result of the expansion so as to reduce me 
radial forces needed to expand the pepe. 
[0004] The use of slotted or taitialy corrugated pipes 
has the cfisadvantago tiat the expanded pipes have a 
■maerj mscnaracai sasnggi. 
{0005] irternaflonal patent api*calioa pubflcatton No 
WO 96*00626 rJsdoses the expansion of an unstotted 
cySndrical pipe by means of an expenskxn mandrel. 
[0006] AdisaoVantageoflhe latter expansion method 
Is ftat forces to expand the pipe are relatively high and 
that the rxpe contracts as a result of the expansion proc- 
ess. 

[0007] tt is an object of the present irvemion to aflevt- 
ate the dfeaoVantages of the known techniques and to 
provide a robust and deferrable tube which can be 
expanded or otherwise deformed by using a relatively 
low deformation force 

[0009] Thedetormabtetube according tothelrwention 
thereto comprises a wal which is at least partly formed 
by a number of tubules, wherein at least one tubule is at 
least partly deformed in response to cMormabonof the 
tube. 

[0009] Triedeformation may involve flattening or otrwr 
change of the tubular shape of the tubules, which 
requires prindpaBy bending forces which are signW- 
cantty lower than the tension forces that are required to 
expand a tubular cyfinoncal ppe. 
[0010] It may be required to obtain a tube which can 
be deformed easily in an axial or In a radial rJrection or 
in both director A ra^ 

the tube is tor example to be used as an oiandtorgas 
produdtai tubing which Is tobe Inserted Into a relative* 
narrow and irregularly shaped underground wetoora 
An anafly deformabie tube is useU iftr»1ubeisarjrr> 
ductionlneror tubing, a wel casing c< other well tubular 
which is Installed In a compacting reservoir where there 
tsa risk of bucttng dtheweltUwIamasaresijnrfthe 

[0011] HaraMydefonnabtotute 
terred that the waD of 1he tube is at least party formed 
by a series of axial tubules which eachexterttoarjrec- 
tion substantially parallel to a tongfrjolnal axis of me 
tube such that upon a radW defrjrmationof toetubethe 
axial tubules are at least party deformed. 



[0012] If an axtady defofmaWe tube is required ft is 
preferred tatthewailoflhetubeisat toast partly 
formed by a series of toroidal tubules which extend in a 
substantially droutar direction around a tongftudtoal axis 
5 of the tube 6uch that upon axiaJ deformation of tie tube 
the toroidal tubules are at least party flattened or other- 
wise deformed. 

[0013] If a tube is required which is both axiafiy and 
racially deformabie, it is preferred that the wal of the 

10 tube is at least partly formed by one or more hefical 
tubules which extend in a EUbstantiaiy heficaJ direction 
wift respect to a kjngSufinaf axis of the tube such that 
upon deformation of the tube in a drrecbon which is ori- 
ented at an angle relative to a iongrtucfna! drecflon of 

ib each of tie helical tubules, at least one oftoehefical 
tubules is deformed. 

[0014] The tubules may be made of a metal, plastic, 
rubber or other material and may be wefoed, brazed, 
bonded or otherwise secured to adfacent tubules or 

20 other parts of tie wail of the tube. 

[0015] The tubules may before expansion have a 
folded, cyfindrical. etlpbcai or prismatic shape and may 
as a result of the expansion be unfoided or flattened into 
an eSpbcal. cylindrical or prismatic shape. 

25 [0016] Suitably, the tubules contain at the outer 
periphery of the tube openings or weak spots which 
open up as a result of the deformation process such that 
one or more fluids are squeezed from the interior of the 
tubules into the space sunouncing (he tube. 

so [0017] In mat case the fluids that are squeezed from 
the interior of the tubules may contain one or more 
chemicals, such as a chemical treatment fluid or com- 
ponents of a liquid cement slurry or components of a 
curing agent which components are onry mixed when 

as or after they have been squeezed out of thetubutes. 

[0018] The invention w9l be described In more detail 
40 and by way of example with reference to the accompa- 
nying drawings, in which 

Fig. 1 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wall 
45 that is made of a senes of axial tubuies which are 
cyflndricaJ before expansion and eliptical after 

Fig. 2 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wall 
so that comprises a series of axial tubules which are 
prismatic before expansion and eflpfcal after 

Fig 3 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wall 
55 that is made of a series of axial tubules which are 
eifipbcal both before and after expa n sion; 
Rg. 4 is a cross-axial sectional view of a tube 
before expansion where the wall of the tube com- 



2 



3 



EP0952 305A1 



4 



prises a series of axial tubules and the tube is 
folded into a substantially flat shape before it is 
unfolded and expanded; 

Rg. 5 is a lorigrftxanal sectional view of a tube 
which comprises a wal that is made of a series of 
toroidal tubules; 

Ro,6feanertargeda^sho^thecylndn^ 
shape of three ol Ihe toroidal tubules that are encir- 
cled in Fig. 5; 

FiQ.7isalcng^nalsedk^vlewofthetU>eof 
Rg. 5 after axial compression of the tube; 
Fio~ 8 is an enlarged dotal showing the e« t?tical 
shape of three of the toroidal tubules that are encir- 
cled In Fig. 7; 

Fig. 9 is a cross-axial sectional view of a racfiafly 
expandable tube comprising six axial or heficat 
tubules both betoreand after expansion of the tube; 
Fig. 10 Is a cross-axial sectional view of an i*iex- 
panded tube of which tie wal cwnprisesaseriesof 
folded tubules which unfold into a cywxlricei shape 
during the process of expanding the tube; 
Fig. 11 is a cross-axial sectional view of another 
unexpended tube cortfiguration where the waB com- 
prises a series of folded tubes which unfold into a 
cylindrical shape during the process of expensing 
the tube; and 

Fig. 12 is a cross-axial sectional view of an unex- 
panded tube which tofcte open during the expansion 
process and which oomprtees a tubule which ads 
as a plastic hinge and which is Rattened as a result 

Delated description of the invention 

{0019] Referring now to Rg.1 there is shown a tubal 
In a cylndrical wefcore or other cavity 2. which tube 1 
has a waJ that is made up of a series of axial tutxJee3 

which are substantially cylindrical before expansion of 
the tube 1 and eMptica! after expansion of the tube 1 to 
an enlarged dameter. as illustrated by reference 
numeral 3a 

[0020] The tube lean be expanded by an expansion 
mandrel (not shown) or by increasing the hydraulic 
pressure in to interior 4 of the tobel. As a result of the 
expan si on process the tubules 3 are subject to a bonoV 
fcng process bo that relativefy low forces are required. 
[0021] W the tubules 3 are made of steel or another 
metal then x is preferred */iat the tubules 3 are sintered, 
welded or brazed together along trie length of toe areas 
5 where the tubules 3 touch each other. 
10022] If the tubules 3 have an tmpermeabie wal and 
the tube 1 is used temporarily fci the cavity 2, tor exam- 
ple to provide a ternporary seal, then the tube 1 can be 
racfiafly contracted again by pumping a high pressure 
fluid into the interiors 6 of the tubules 3. which wfl 
induce the flattened tubules 3B to resume their tubular 
shape, so that the tube 1 radial shrinks and can be eas- 
ily removed from the cavity 2. 



[0023] If the tube 1 is to be used permanently in the 
cavrty 2, tor example if the tube 1 is to be used as a wefl 
casing, then at least some of the fcxxJea 3 may be fled 
with Rquid conponents of a cement slurry or other cur- 

5 ing agent such as a silicone gel and the outer waJ) of 
these tubules may contain openings 7, or weak spots 
which are opened as a result of the expansion process, 
via which said Bqtid cone x jnent s are squeezed into the 
surrounding annular space S surrouncing the expanded 

io tube 1 and the iquid compon en ts mix up and cure to a 
hardened cement si icons or other cured sealing com- 
position. 

[0024] Rg. 2 iustrates an alternative en*>odirnent of 
the deformatole tube according to tie invention. This 
is tube 9 is also radially deformabte and cornpnsac a 
series of tubules 10 which are prismatic before wpan- 
sion and eOfctfcaJ after exrjwieioaasiustratedbyrefer- 
erx» numeral 10a 

10025] The tobUee 10 are arranged substantial^ par- 
90 aJWtotokxiortudinalajaslI atto 

9. The tubules 10 are made of steel or another metal 
and are connected to each other by tongroxfinal welded, 
orazea or strnerea oonos • 

10026] Rg. 3 shows yet another errtxxfment of the 
85 o^lormable tube according to the inverxxxx in which the 
tube 12isratfaJlydeformajble and comprises a series of 
tubules 13 which are eJapticaJ before arxIwWch have an 
enptjcat, almost flattened snape after raous expansion 
of the tube 12. 
so [0027] lntrnserrxxxjuriertthetubui« 

a frst eupecat snape, nusuaieo oy reference numeral 
13A In wNch the largest width of the eftTptical tubules 
13A has a racial orientation Into a second effipbeal 
shape, ifcjstrated by refererx» 
M largest width of the effir^tobufesl3Ahasatangen- 
tial orientation. 

[0028] Referring now to Fig. 4 there is shown a 
deformatte tube 14 which cwnprisee a series of axial 
tubules 15. wherein two pairs of tubules at opposite 

40 sides of the tube 14 are interconnected by plastic 
hinges 16. These plastic hinges 16 alow the tube 14 to 
be stored and transported in a flattened shape e.g. 
around a reeling drum (not shown). 
[0029] When to tube 14 is then unreeled torn the 

45 reefing drum it can be brought into a cyindricaf shape 
by a guide funnel (not shown). I the tube 14 Is to be 
used toslde a wel or inside another aixaartocyfindri- 
caJ tube 14 is then reeled irrtotowett»reortointerkx 
of to other tubular and expanded tor example by p<>mp- 

50 tog a high pressure fluid into the Interior 17 of the tube 
14. 

[0030] The iriteUry flattened tube conjuration shown 
in Rg. 4 allows an easy storage and transport of the 
tube 14, e.g. on a small diameter reeling drum, during 
85 the manufacturing stage and during transport from the 
manufacturing site to the site where to tube 14 is to be 
used. 

[0031] Figures 5, 6, 7 and 8 show yet another embod- 
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imert of the deformabie tube according to the invention 
in which the tubules 18A, B have a toroidal shape in 
order to mate the tobe 19 axiasy deformabie. 
[0032] The tube 19 shown in Flo, 5 can be a produc- 
tion liner in a contacting oi or gas bearing formation, 
where as shown In detafl In Hp, 6 the toroidal tubules 
18ArwasOjBtar^ycylWricaJ shape. In the config- 
uration shown in Rg, 7 the tube 19 has axafly con- 
tracted so that its length is 18% shorter than its c<iginaJ 
length shown In Rg. & 

[0033] As a rest* of to a^ contraction of the Uie 

1 9 the tubules 1 8B shown In Rg. 7 have been deformed 
into an elipltatJ shape, as as shown in more detail in Rg, 

a 

[0034] Referring now to Rg. 9 tare is shown a tube 

20 which is ©ponded within aweBwm21 womercav- 
I* 

[D03S] The tube 20 has a wail thai comprises six 
tubules 23. 24. 25. 26, 27 and 28 which extend In an 
axial or helical corfguralk* retairve to 
axis 29 of the hi* 20. 

[0038] /tfjacent hixiee 23, 24, 25. 26. 27 and 28 are 
interconnected along tuk length by elongate weids 32. 
Plastic ranges 22 are located in the walls of the tubules 
23-28 at both sides of each weld 32. 
[0037] The unexpended tube 20 is shown at the cen- 
tre of the drawing. The six unexpended tubules 23-28 
each have the form of a pie sector andonfy a minor gap 
80 Is present between adjacent tubules 23-28. lb 
expand the tube 20 a pressurized fluid is pumped into 
the gape 30 which wffl induce the tube 20 to expand until 
the watts of the tubules 23-28 are stretched andtorthe 
outer waits of the tubules 23B-28B are pressed against 
the weflbore 21. 

[0038] Tnevcfume-etidemtubeco^ 
in Rg. 9 is attractive I fie tube 20 la to be Inserted Into 
the weltxxe 21 via a narrow excess, such as a email 
diameter production tubing. Furthermore the internal 
volume of the unexpended tubules 23-28 is relatively 
large whereas the internal volume of the expanded 
tubules 23B-288 is relatively small so that rl the walls at 
the outer circumference tflte 
rated or become during expansion otherwise fluid per- 
meable a relatively large volume of fluids is squeezed 
from the irtterior of the tubules 23-28 into the surround- 
ing amulus andfor formation. 
[0039] Intttswayaretatrvefylenjevo^ 
agent and/or treatment fluid can be injected into the 
annul us surrourvJng the tube 20 ancVbr the formation 
31 surrounding the wesoore 21. 
[0040] TheexternaJyperrneabletube20^ 
able to inject aeatment fluids into an urrferground for- 
mation 31 which comprises along the length of the 
weflbore 21 layers of varying pernieabiKty. M the outer 
wafts of the tubules 23-28 have a sigrsTk^ lower fl«d 
permeability than the surrounding formation 27. then, 
as soon as tie outer wad of the tubules 22B-26B is 
pressed against the weflbore 21. a relatively constant 



flux of treatment fluid wil be so^eezed irto tr» various 
surrouxfirtgforrr*^ 

of teatment fluid mainly into the permeable formation 
layers and by-passing ol less permeate Isyem la n*tf- 
s mized. 

[0041] rt trie tube 20 is used as a treatment fluid rn^ 
tion tool then the outer wafts of the tubules 23-28 may 
be made of a permeable rubber and/or a fabric and the 
inner waDs of the tubules 23-28 which face the interior 
io 30 of the tube 30 may be m*^ 

ber. After injection of to treatment ftukfc the pressure in 
the Werior 30 of the tube 20 may be reduced so that the 
tube 20 radially contracts and can be removed from the 
borehole. 

15 [00421 Inst6addalowingfre1ube20to 

fluids have been Injected into the formation the tube 20 
may be allowed to harden to the expanded posffion 
against tie weflbora 21 by irnpregnaftvj the fabric or 
otrw material w8h a stowty curing epoxy or other plastic 

to c anpo sx ioa so that the soiidfted tube 20 then serves 
asaweRHner. 

[0043] The tube 20 and the tube ccnf^xjrafiomsricwn 
in Rgs. 1-4 may also have walls that are made of a si eve 
material. In that case the tube may be axpajndad by an 
25 ex pa ns io n cone or by a balloon that Is Inflated in the 
interior of the tube. 

[0044] Since the sieve material that then forms the 
wans of tubules is mainly bent and not or hardly 
stretched the sieve opening size will remain fairly con- 

M stam curing me expansion process. TTie expended tube 
of sieve material then serves as a fHer that prevents 
sand and other sofid materials to enter the weflbore 21. 
[004$] The racfialy expandable tube 20 and the other 
raduUty axpandable tube configurations shown n Rgs. 

55 i-4may also be made of tubules 23-28 which aremade 
of a fluid impermeable material, such as steel which 
orty deforms rf the pressure in the interior 30 of fcetUbe 
exceeds a pre-set leveL to that case Ihe tube maybe 
instated as a production tubing which serves as a 

40 downhde blow-out preventer which expands and seals 
of the annutus surrounding the production tubing if a 
blow-out occurs. The radatty expandable tube configu- 
ration shown in Rg. 9 can also be used as a dnl string. 
In that case driSng mud is pumped through the interior 

45 of the tubules 23A-28A during cWting. At the end of a 
driffing cyde high pressure fluid is Irtjected into t* We- 
rior 30 of the tube 20 so that the tube 20 Is expanded 
against the borehole watt 21 and forms a Wng of the 
weflbore and the dr* bit and otowTitote rnotor assembly 

50 is puled to the surface by a wireline or colled tubing 
r^ssirrj though to 
serves as an expansion cone. 
[0046] If only rrinor expansion of ttie tube is required 
thenthewafloftehfcemayr^ 

55 or a lew axial or hefical tubules. 

(0047] If me wafcc^ the tube 20 c< Aether radwdry 
expandable cor^gurations are made of a rubber or 
crthereiastk^ydetbrnTable material then the expanded 
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tube may servo as a high expansion packer or bridge 

[0048] tt witt be underetood that tt the tubules are OTh 
entedinanaxialcSrecoonarBol^ 
be obtained. II the tubules are oriented inatircurnteren- 
tial oVection as shown in Figs. 5-8 then an exiaDy 
detorrrcuxe tuoe wih D6 ooraineo. 
10049] If the tubules are oriented in a helical direction 
the tube wiQ be detormaoie both in axial and racial 
directions and the pitch angle of the heical configura- 
tion of the tubules wD then influence the degree in 
wh^thetubesaoialtyorradiaJfydeicxTTmt^ 
(0060] Rg. 10 shows a configuration where a tube 40 
comprises a wall that consists of a series of axial Wda- 
bte tubules 41. 

10051] tf the tubutes 41 are made of steel then they 
are interconnected side by aide along their length by 
axial welds 42. Each tobule 41 comprises at tie outer 
circumference of the tube 40 a single plastic hinge 43 
and at the inner circumference of tie tube 40 a set of 
tour plastic hinges 44. 45. 46 and 47. Each of these 
plastic hinges 43-47 is formed by machining an axial 
groove in the inner and/or outer surface of the wall of the 
tubule 41. 

[0082] The set of tour plastic hinges 44-47 deftness 
wafl segment where the tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 48 that 
faces me interior 49 of the tube 40. 
[0053] The tii>e 40 is axrjBJxled by punping a pressu- 
rized fluid into the interiors 50 of the tubules 41 which 
causes the tubules to unfold by hingirig about the plastic 
hinges 43-47 so that the tubutes 41 each obtain a cylin- 
drical shape (not shown). 

10054] Asaresuttofmeuntok^oftrtetubuies41the 
tube 40 obtains a larger external and Memal ciameter. 
[0056] Hg. 11 shows mother tube 51 which com- 
prises a waH that consists of a series of axial toWabie 
tubutes 52. 

[0056] rf the tubutes 52 are made of steel then they 
are interconnected side by side along their length by 
axtaJ welds 53. Each tubule 52 comprises both at the 
outer and the inner circumference of the tube 51 a set of 
four plastic hinges 54 that are formed by machining 
axtaJ grooves in the inner and/or outer surface of the 
watt of each tubule 52. 

[0057] Eachsetoftourplestterttnges54cfefto 
segment where the tubules 52 can be folded inwardly to 
form a U- or delta-shaped recess 55 that faces either 
the exterior 56 or the interior 57 of the tube 51 . 
[0058] The tube 51 is expanded by purfxwig a rxessu- 
rized fluid into the interiors 58 of the tubules 51 which 
causes the tubutes 52 to unfold by hinging about the 
plastic hinges 54 so that the tubules each obtain a cylin- 
drical shape (not shown). 

[0059] As a result of the unfolding of the tubules the 
tube 51 obtains a larger external and internal cSarneter. 
[0060] Fig. 12 shows a toMabte tube 60 which com- 
prises at its lower side a single plastic hinge that is 



formed by an axiaJ tubule 61 and at its upper side a set 
of four plastic hinges 62 that are formed by rrachHng 
axiaJ grooves in the outer or inner surface of the waD of 
the tube 60. 

5 [0061] The lour plastic hinges 62 define a delta- 
shaped recess 63 at the uprx^ 
tie tube is In its folded shape, 
[0062] The tube 60 is unfolded by rxjrnp^ 
rized fluid into the Interior 64 of the tube 60. This causes 

to the tube to untold in the direction of the arrows into the 
cytindnoalshar^wrik^te^ 

60A The tubule 61 then acts as a plastic hinge and 
obtains as a result of the unfolding of the tube 60 the 
efipucaf chape which Is Blustraled by broken lnes61A. 

rs (0063] The tubule 61 isrradeof aplaxficaRydeforrn- 
able material, such as a tormable fwjh^trength tow- 
aJtoy or dual phase steel grade, which also provides 
ftexfaftytotietLjbe61 tn tAc u i rter entiaJ oVecton dur- 
ing the unfolding procedure. After t» urtfoldmg proce- 

20 dure a curing agent may be pumped into the interior 65 
of the eKfcticaJ tubule 61A to reinforce the tubule 61 A. 
The Werior 65 of the tubule 61 may cornprise electrical 
andtor hydrauic conduits for transrrission of electric 
antVor hydrauBc power andfor signals along the length 

25 of the tube. 

[0064] The enxxxfiments of the deformable tube 
shown in the drawings provide a tube which can be 
deformed easily and which can be reeled on a reeing 
drum. The tube can be unreeled tan the drum and 

30 nected into an underground borehole or other cavity in 
which the tube is to be used. The tube is subsequently 
deformed Inside the borehole or other cavfty by chang- 
ing tie tubular shape of one or more tubules in the wad 
of the tube. The deformation may involve flattening. 

55 urtcWngorotrwrdeforrra^ 

Claims 

1. A deformable tube having a wall which is at least 
40 partly formed by a number of tubules, wherein at 

least one tubule is at least partly deformed m 
response to deformation of the tube. 

2. Trwdeforrr^e tube of daiml. wherein tf^ 

45 tr» tube is at least pa^ formed by a series rtax^ 
tubules which each extend in a oVection subsian- 
tiaJly parallel to a longtaJoTnaJ axis of tr» ai» such 
tat upon a radial deforrnation of the tube the axial 
tubutes are at least pajty deformed. 

50 

3. The detormabte tube of ctaiml. wherein thewalof 
the tube is at least partly formed by a series of toroi- 
dal tubules which extend in a substantia^ circular 
dredionarounJalc^^^a^o*^^ 6 ^ 

55 that upon axial o^rnation of the tube the toroidal 
tubutes are at least party deformed. 

4. The deformaWe tube of claim 1. wherein the wafl of 
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the tube is at least partly formed by one or more 
hefod tubules which extend in a substantially heB- 
caJ direction with respect to a »ongrtud«aJ axis of 
the tube such that upon deformation of the tubefcno 
(fraction which is oriented at an angle relative to a 5 
longjlucfnal rjradion of each off tie hefical tubules, 
at least one of me hefical tubutes Is at least partly 
deformed. 

5. The deformable tube of claim 1 . wherein the wafl of to 
the tube is at least partly formed by a number of 
substantia^ parallel tubules which are arranged 
side by side and are connected to each other. 

6. The deferrable tube of daim 5. wherein the re 
tL^etertrT^dni^»rrithetJdeso<eparar 
adjacent tubutes substantlaay touch each other and 
are sintered, welded, spot welded, braze* bonded. 

or otherwise secured to each other. 

JD 

7. The deformable tube of daim 5. wherein the 
tubules are made of a plastic or elastomer* mate- 
rial or a fabric and the sides of aojacent tubutes 
substantially touch each other and are bonded to 
each other. 25 

S. The deformable tube of daim 1. wherein before 
deformation of the tube the tubules have a substan- 
tialy cylindrical shape and deform into a substan- 
bafy eflpacai or flattened shape in response to so 
deformation of the tube. 

9. The deformable tube of daim 1. wherein before 
c*formabon of the tube the tubules haveasubstan- 
ttaay prtsmauc snaps ana oerorm wm a suo sren- » 
tiaty flattened shape In response to de for ma tion of 
the tube. 

10. The deformable tube of claim 1, wherein the 
tubules contain at the outer periphery of the tube 40 
openings or weak spots which open up as a result 

of the deformation process such that one or more 
fluids are squeezed from the interior of the tubules 
into tie space sur ro unds? the tube 

45 

11. The defcfmable tube ofdaim 10. wherein the fluids 
that are squeezed from the interior of the tubules 
contain one or more chemicals, such as compo- 
nents of a liquid cement slurry, compooe. * of a 
curing agent or a chemica! treatment 1 Wd 50 
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Fig.9. 
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